Abstract. In ceramic tiles industry, the process of ceramics classification plays an important part. At present, the process of classification is carried out manually by using the human eyes observation. However, the capability of the human eyes is very limited. This condition leads to the low accuracy of the ceramic tile selection. This paper proposes a mechanism which could classify the ceramic tiles automatically using local texture feature. The result of our experiment shows a recognition rate of 76%, which means that this method can be used to classify the ceramic tiles.
Introduction
In ceramic tiles industry, the process of quality control is still carried out manually by using human eyes observations. This condition is not a problem when dealing with a small number of ceramic tiles. But, when the number of ceramic tiles increases significantly, the problem emerges. According to our study to one of the ceramic tiles manufacturing in Indonesia, the separation of ceramic tiles quality is carried out by only one operator. He/she has to observe the surface whether there is a defect or not, whether it has only one defect, or more. The result of the observation will then determine the quality of ceramic tile.
On the other manufacturing plant, we found that every ceramic tile had to be checked by a number of desks. The same ceramic tile should be tested by many operators to make sure that the group of the ceramic tile is belonging to the correct collection. This task certainly wastes the time and money of the production process.
In Indonesia, the category of ceramic tile quality consists of KW1, KW2, and KW3 which refers to the precision of dimension, color and the number of defects [1] . In this paper, we concern only to the defects which are detected in the surface of ceramic tile.
KW1 is a kind of ceramic tile which has good quality tile without any defect or disguised defect. KW2 is a kind of ceramic tile which has a small number of defects, whereas KW3 is a ceramic tile where it has many defects on its surface, and certainly the quality is below that of KW2.
At present, without any prior knowledge, an operator can detect the defect on the surface of ceramic tile and determine the quality of ceramic tile, manually. This method will eventually depend upon the condition of the operator. When he/she is in a good condition, there will be no problem. Otherwise, the ceramic tiles classification will be failed. This method is also depending upon the experience of the operator. When the operator has already been experiencing doing the checking process, his feeling will be much better and the result of his checking will be better [2] .
Based on our observation, one of the problems with manual checking is that the fluctuation of the temperature in the ceramics production can cause the operator getting tired. This condition can cause a mistake in matching process. The consequence is that ceramic tile could be classified to the incorrect category of ceramic tile quality. This condition might produce a suffer losses if one ceramic tile be placed to the lower quality. But, if it is placed to the higher quality, this could lead to a complaint from the clients.
To solve the above problem, this paper proposed a method to classify the ceramics automatically. This method aims to speed up the process of classification, and also to increase the accuracy of ceramic tile quality. The research by Elbehiery, et al [2] attempted to implement the technique of image processing and morphological operation in the ceramic defect detection process. The method is completed by putting a digital camera in the production line to take the picture of every ceramic image moving in the line. This image is then processed to determine the category of the defect found, and send the ceramic into the appropriate line. The global process takes two stages, the defect identification and the ceramics classification. Novak [3] applied texture analysis based on local binary pattern operator to detect a defective surface of ceramic tiles.
Local binary pattern is one of statistical approach which is used in defect detection. The other method is histogram properties including range, mean, standard deviation, variance and median [4] . In this paper, we are dealing with the process of ceramic tiles classification based on the defect identification which is carried out by using texture extraction locally based on histogram properties.
Proposed Method
One of a ceramic tile manufacturing in Indonesia specify the following defects i.e. black holes, bubbles, spothles, pin holes, cracks, etc. In this paper we concentrate to these defects. In order to make sure that the method proposed in our research workable for detecting defects, for this preliminary research we divide the category of ceramic tile quality into two, KwA and KwB. In the next research, we will divide the category into three as happened in ceramic industry in Indonesia.
The proposed method consists of two main processes i.e. defect identification and quality measurement. Figure 1 shows the processes in detail. The techniques used in image processing to identify the defects consist of transformation from color to grayscale image, computation of gradient magnitude, edge detection, and extraction of local textures. These textures are used as parameters in quality measurement of ceramic tiles and represented in a vector.
Therefore, to determine the quality of ceramic tile, a distance between the reference and tested image is computed using Euclidean Distance. The value of distance will be matched to the value of the quality specification to classify whether this ceramic of tile belong to the KwA or KwB class.
Figure 1. Schema of Ceramic Tiles Classification
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Defect Identification
The process starts when an image of ceramic tile is transformed from color to grayscale image. The technique of this transformation is done by calculating the average from the value of RGB. The goal of this process is to make the image processing easier because there is only one value for one pixel.
Then, the gradient magnitude of this grayscale image should be calculated in two orthogonal directions to obtain the gradient image using the first derivatives Gx and Gy, as shown in Figure 2 [5] . These kernels referred to as the Sobel operators.
Figure 2. Gx and Gy Kernels
The result of convolving the combinations of these kernels (1) with an image yield an image being referred to as a gradient image, as shown in Figure 3 . To identify the defect clearly, this gradient image is convolved with Sobel Operators [5, 6] . Figure 4 shows the line segmented from the background which is identified as a defect. The next process is texture extraction statistically based on the intensity histogram of image resulted from edge detection. These texture features included [5, 6 ]:
This formula is used to calculate the average of image intensity. Variable z is the value of image intensity, p(zi) is histogram of image intensity, where i = 0,1,2,...,L and L is 255.
Standard deviation,
This formula measures the average contrast.
3. Entropy,
This formula measures the randomness of intensity.
Quality Measurement
Category of ceramic tile quality is determined by calculating the distance between a vector of the reference and tested image using Euclidean Distance (6) . (6) In formula (6), D(I,J) is a distance between image I and image J, I is a query image (test image), J is a reference image in the database, and f i (I) is the number of pixels in bin i of image I. Blobworld [7] , one of the image retrieval system used Euclidean Distance to compute the similarity between texture and shape features of the two images.
Experimental Result
In our experiment, we used 100 digital images of ceramic tiles in sizes 40 x 40 cm. These images were captured from ceramic tiles which are no defect, only one defect, and more defects. Every image was extracted to obtain the values of mean, standard deviation and entropy, as shown in Table 1 . 
Advances in Materials, Processing and Manufacturing Table 1 shows two examples of texture values from two images. Image 0683 has 0.000006800000 for mean value, 0.002607672357 for standard deviation, and 0.000126539323 for entropy value. These values are represented as a vector which is using as a parameter in the quality measurement between reference image and tested image.
As a reference in the quality determination, we decided an image which had zero for mean which indicates that there is no defect found on ceramic tile surface. Table 2 shows the class of ceramic tile quality. A distance between 0 until 0.005205600000 assigned to KwA, otherwise KwB. Based on measurement of the distance between vector of the reference image and tested image and Table 2 , we determined category for each tested image of ceramic tile. In this experiment, we obtained a recognition rate of 76%, it means that category of ceramic tile quality is determined 76% correctly.
Conclusion
This paper has already presented the method of detecting defects of ceramic tiles automatically, to substitute the process carried out by human. From the experiment that has been done, we found that the method can give recognition rate up to 76%. The result shows that the ceramic process categorization can be initialized to use machine or computer rather than by human.
